Abstract: Bioassay-guided isolation from the ethanol extract of a marine sponge Theonella sp. collected in Palau yielded bistheonellide A, which strongly inhibited the colony formation of Chinese hamster V79 cells (EC 50 = 6.8 nM). Bistheonellide A is an actinpolymerization inhibitor and was suggested to control cytokine production. Therefore, we attempted to detect an effect of this compound on IL-8 production in PMA-stimulated HL-60 cells. Interestingly, bistheonellide A did not modulate the production of IL-8 under cytotoxic concentrations as determined by LDH analysis. Although the correlation between the inhibition of microtubule assembly and the stimulation of IL-8 production has been observed for several compounds, the polymerization of actin was not related to an IL-8 production in the case of bistheonellide A. It will be suggested that the actin polymerization is not involved in the IL-8 production system.
Introduction
Interleukin-8 (IL-8) is a member of the superfamily of C-X-C chemokines and a chemotactic factor for T cells, neutrophils and basophils [1] . The expression of IL-8 has been observed in a variety of human cancers and is suggested to be a factor in tumor progression and metastasis [2] [3] [4] [5] . Therefore, the regulation of IL-8 production is an important event for medical treatment.
In the course of our studies on biologically active metabolites of marine organisms, we have examined the extracts of marine sponges and ascidians collected in Palau and Indonesia for inhibitory activity against the colony formation of Chinese hamster V79 cells and found that the ethanol extract of a Palauan Theonella sp. revealed strong activity. Bioassay-guided isolation from the extract afforded bistheonellide A as the responsible component for the inhibitory activity.
Bistheonellide A has been isolated from Theonella sp. collected from Okinawa and Hachijo-jima in Japan [6] and inhibits the polymerization of actin, by which the toxic effects of this compound on viable cells are caused [7, 8] . The progression of the cell cycle was apparently slowed down or completely inhibited at the G1 phase by treatment with bistheonellide A [8] . Therefore, we observed the effect of bistheonellide A on IL-8 production in PMA-stimulated HL-60 cells. This system has been established to reveal the relationship between the inhibition of microtubule polymerization and IL-8 production [in preparation].
We describe here the inhibitory activity towards the colony formation of V79 cells and the effects against PMA-stimulated HL-60 cells on IL-8 production, cell proliferation and the cytotoxicity of bistheonelide A. 
Materials and Methods

Materials
Bistheonellide A was isolated from the ethanol extract of a marine sponge Theonella sp. collected in Palau, and the structure was assigned on the basis of its spectral data and comparison with the reported data [6] . The structure of bistheonellide A is shown in Figure 1 from GIBCO after checking of the lot. All other reagents and chemicals used were of the highest commercial grade available.
Cell lines and culture conditions
The human promyelocytic cell line, HL-60, was obtained from the Japanese Cancer Research Resources Bank (JCRB, Kamiyoga, Tokyo, Japan). This cell line was maintained in tissue culture dishes in RPMI 1640 medium (Nissui Seiyaku, Tokyo, Japan) supplemented with 10% heatinactivated fetal calf serum (FBS), 2 mM glutamine, 100 U/ml penicillin G and 100 µg/ml streptomycin.
Chinese hamster V79 cells were grown as a monolayer culture in Eagle's MEM (Nissui Seiyaku Co., Ltd., Tokyo, Japan) with 10% heat-inactivated FBS.
Relative Plating Efficiency
The relative plating efficiencies against V79 cells in the presence of different concentrations of drugs were determined as the ratio of the number of colonies at a given drug concentration to that obtained in the control culture in the absence of any drug, as described in the previous paper [9] . Two hundred cells were seeded onto a 60/15-mm Petri dish in 4 ml MEM with 10% FBS and incubated overnight at 37˚C, after which a sample in DMSO (4 µl) was added and further cultured for four days. The numbers of colonies in the sample dishes were counted and compared with those in the control cultures.
Detection of human IL-8 by ELISA
The IL-8 concentrations of the culture supernatants under control and various test conditions were measured by ELISA using a combination of monoclonal and polyclonal antibodies [10] . All samples were assayed at least in duplicate. Data are presented as the means ± SE of three independent experiments (Figure 2 ).
Determination of cell proliferation
Cell proliferation was evaluated by enumerating the viable cells using the 3-(4,5-dimethylthiazol2yl)-2,5-diphenyltetrazolium bromide (MTT) formazan production method [11] . HL-60 cells (1 x 10 6 cells/ml) were treated with 20 nM of PMA (with or without test compounds), then transferred to 96-well microtiter plates. After a 24 h incubation, 20 µl of MTT reagent (5 mg/ml in PBS) was added to each well. After incubation for 3 h, the formazan production was assessed by measuring the optical density (OD 570 nm). Data were obtained as values relative (%) to each PMA-stimulated optical density and are presented as the means ± SE of two independent experiments (Figure 2 ).
Determination of cytotoxicity
The lethality of HL-60 was estimated by measuring the lactate dehydrogenase (LDH) release [12] . Data were yielded as values relative (%) to the release of LDH from all cells at each optical density and are shown as the means ± SE of two independent experiments (Figure 2) . The inhibitory activity on cell proliferation and cytotoxicity were determined as described in the Materials and Methods.
Results and Discussion
The inhibitor of the colony formation of V79 cells isolated from the Palauan Theonella sp. was bistheonellide A, which showed an EC 50 value of 6.8 nM against V79 cells. This is the first time to report the inhibitory activity on the colony formation of V79 cells for this compound. Bistheonellide A has been reported to inhibit the polymerization of G-actin and also to depolymerize F-actin in a dosedependent manner [13] . The biochemical studies on the mechanisms of cell cycle inhibition by bistheonellide A suggested that the treatment inhibits cytokinesis by controling cytokine production. Therefore, we investigated the effect of this compound on IL-8 production in PMA-stimulated HL-60 cells.
Essentially, IL-8 production is markedly induced by IL-1 and tumor necrosis factor (TNF) stimulation in inflammation, and information about its signal pathway has been clarified [14, 15] . In HL-60 cells, PMA stimulation induces IL-8 production, although the amount is not high [16] . We have recently revealed that an inhibitor of the polymerization of microtubules, which form the actin cytoskeleton, induced marked IL-8 production in this condition [in preparation]. Figure 2 shows the IL-8 levels released from the PMA-stimulated HL-60 cells by the treatment with 0-50 µM of bistheonellide A together with the effects on cell proliferation and cytotoxicity. The left vertical axis in Figure 2 represents the results from the experiment of IL-8 production, and the right vertical axis shows the viable cell rate detected by the MTT method and cytotoxicity measured by the LDH method. The cell proliferation of HL-60 cells was inhibited in a dose-dependent manner by the actin polymerization inhibited dose (>1 µM). The cytotoxicity markedly increased from 20 µM. The IL-8 production induced by PMA stimulation was not affected by bistheonellide A at the concentrations up to 20 µM. The compound did not show apparent cytotoxicity at these concentrations.
If bistheonellide A has the ability to modulate IL-8 production, the IL-8 level should have increased or decreased at 10 µM, the level at which the compound did not show cytotoxicity, but inhibited the cell proliferation.
Inhibitors of microtubule polymerization induced IL-8 production in the experimental system we used [in preparation]. However the actin-polymerization inhibitor, bistheonellide A, did not show such an effect. We have also examined an another actin-inhibitor, phenochalasin B [17] , isolated from several strains of the marine sponge-derived fungi, Phomopsis spp., collected in Pohnpei, and found that IL-8 production was not affected by this compound (unpublished data). Recently, Etil et al. revealed that actin polymerization was not related to IL-8 production in the NF-κB system utilizing the YadA-promoted cell entry [18] . We have elucidated that the AP-1 transcription factor, but not NF-κB, is strongly involved in the IL-8 production by PMA-stimulating HL-60 cells [in preparation]. Therefore, it will be suggested that the actin polymerization is not involved in the induction of IL-8 production.
